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(57) ABSTRACT

A support structure 1ncludes at least one shaped component
which 1s produced from a shape memory alloy and which, 1n
a first operating state of the support structure, results 1in an
increase 1n the strength of the support structure and, in a
second operating state, results 1n a reduction in the thermal
conductivity of the support structure. The first strut structure
1s surrounded by a second strut structure, which has a higher
mechanical strength in comparison with the first strut
structure, and the first strut structure 1s connected securely,
at least at one of 1ts ends, to the second strut structure. In
addition, the first strut structure 1s connected to a holding
device, and the second strut structure 1s releasably connected
to the holding device by the at least one shaped component.

18 Claims, 5 Drawing Sheets
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SUPPORT STRUCTURE HAVING
ALTERNATIVE STATES OF HIGH
STRENGTH OR LOW THERMAL
CONDUCTIVITY, AND CONNECTING
STRUT

FIELD OF THE INVENTION

The present invention relates to a support structure having
alternative states of high strength or low thermal conduc-
fivity and to a connecting strut having such a support
structure.

BACKGROUND INFORMAITTON

U.S. Pat. No. 3,814,361 describes a support structure,
which icludes tubular members that are inserted mto one
another. Outer, mutually abutting tubular members ensuring
a relatively high mechanical strength can be separated as a
second strut structure by cooling and then only an inner
tubular member, as a first strut structure, carries the
mechanical load, the first strut structure remaining con-
nected to the second strut structure and ensuring low thermal
conductivity due to a small contact surface relative to one of
the tubular members. However, the second strut structure 1s
supported shidingly in the first and therefore only a very
limited mechanical strength can be ensured and, for
example, the risk of tilting cannot be eliminated.

European Published Patent Application No. 0 584 697
describes another support structure. Shaped components
produced from a shape memory alloy are used to separate a
support path having a high mechanical strength. Either a
support path formed by rings 1s interrupted by the expansion
of a bolt and 1s partly replaced by a holding device in the
form of a spring, or an expansion frame, which serves as a
second strut structure and which always remains connected
to an object serving as a holding device, 1s opened and 1s
thus separated from a first strut structure that is in the form
of a mechanically less stable strut, on the one end of which
the expansion frame acts. The second strut structure is
arranged 1n a plane with and next to the first strut structure,
as a result of which only limited stability 1s ensured.

It 1s therefore an object of the present invention to provide
a support structure having improved stability while still
retaining a reduction in the thermal conductivity in one of
the operating states. In addition, the support structure may
be mtegrated as simply as possible 1nto existing support
structures.

SUMMARY

The support structure according to the present invention
includes at least one shaped component which 1s produced
from a shape memory alloy and which, 1n a first operating
state of the support structure, results 1n an increase 1n the
strength of the support structure and, 1n a second operating
state, results 1n a reduction in the thermal conductivity of the
support structure. A first strut structure i1s surrounded by a
second strut structure which has a higher mechanical
strength 1n comparison with the first strut structure, the
arrangement surrounding the first strut structure increasing
the stability of the arrangement. Furthermore, the first strut
structure 1s connected securely, at least at 1ts one end, to the
second strut structure so that there 1s some mutual support.
The first strut structure 1s also connected to a holding device,
and the second strut structure 1s releasably connected to the
holding device by the at least one shaped component so that
the first strut structure has further support. Due to the
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2

separation of the second strut structure from the holding
device, the thermal conductivity of the entire support struc-
ture may be reduced under the control of the at least one
shaped component which may be particularly adapted and
optimized for that purpose.

For example, the second strut structure may, at least
partially, be 1n the form of a hollow strut, and the first strut
structure may be 1n the form of a strut, one end of which is
secured to one end of the second strut structure and the other
end of which 1s secured inside the second strut structure.
Thus, 1n a simple manner, the first strut structure 1s sur-
rounded by the second strut structure.

It 1s, however, not necessary for the second strut structure
to be 1n the form of a closed hollow strut over its entire
length. For example, the second strut structure may be
widened at the end to which the first strut structure 1s
secured, and 1t may have openings 1n 1ts outer surface, as a
result of which access to the first strut structure may be
provided at that region.

For example, the holding device may be connected to the
first strut structure through the openings in the second strut
structure, and the first strut structure may be connected by
the shaped components to coupling members that engage in
the openings and produce a non-positive-locking connection
between the second strut structure and the holding device.

The shaped components may be 1n any suitable form that
triggers their shape memory effect when the temperature
exceeds or falls below a specific threshold temperature and
that thereby permits movement of the coupling members.
Thus, the coupling members may be moved from a coupling
position into a decoupling position. In particular, the shaped
components may be 1n a form such that, when the tempera-
ture exceeds or falls below a threshold temperature, longi-
tudinal expansion of the shaped components occurs, and
they cause the coupling members to be lifted from the
second strut structure.

The other members of the support structure may likewise
be 1n a suitable form. The first strut structure may have a low
thermal conductivity with sufficient mechanical strength,
and the second strut structure may have a high mechanical
strength. For example, the first strut structure may be in the
form of a cable. The shaped components may be in the form
of bolts or screws connected to the first strut structure. The
coupling members may be constructed as lid-like members,
the shape of which may be adapted to the shape of the
openings 1n the second strut structure in order to ensure an
cifective non-positive-locking connection.

™

In order to achieve sufficient variability of the support
structure despite the given mechanical strength thereof, the
holding device may be connected rotatably to the first strut
structure and, at least in the {first operating state, also
rotatably to the second strut structure. The ability to rotate
may be provided by a hinge-type articulation in one plane
only or by a ball-and-socket-type joint. A high degree of
mechanical strength 1s thus retained.

The foregoing support structure may be used 1n any
suitable application. Due to the provision of a mechanically
strong operating state and a thermally low-conducting oper-
ating state, applications are appropriate wherever a high
mechanical strength 1s to be ensured 1n a first stage of an
arrangement’s operation, for example, during a transport
stage, and a high degree of thermal insulation 1s to be
achieved 1n a second stage, for example, during a cooling or
heating stage. Therefore, the present invention may be used
in a connecting strut for connecting structural members
having different temperatures.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exploded view of an example embodiment of
a support structure according to the present invention.

FIG. 2 1s a cross-sectional view through the structure
illustrated 1n FIG. 1.

FIG. 3 1s another cross-sectional view through the struc-
ture illustrated in FIGS. 1 and 2.

FIG. 4 1s a top view of the complete structure illustrated
in FIG. 1.

FIG. 5 1s a rear view of the structure illustrated 1n FIG. 4.

FIGS. 6 and 7 are additional views of the structure
1llustrated 1in FIG. 4.

FIGS. 8a to 84 are schematic views of the structure
1llustrated in FIGS. 1 to 7.

DETAILED DESCRIPTION

The support structure 1llustrated in FIG. 1 may be mserted
in a simple manner 1nto the eye of a strut or 1nto a recess in
another holding member by inserting the one end 13 of the
outer strut structure 4, which 1s partly in the form of a hollow
strut, into such an eye or such a recess. The support structure
illustrated may therefore be used universally.

As also 1llustrated imn FIGS. 2 and 3, a first strut structure
3 1n the form of a cable 1s inserted into the second strut
structure 4 and includes, at its ends S5, 6, balls which are
supported in threaded sleeves 16, 17 which may be preten-
sioned by nuts against the second strut structure 4. Instead
of a cable, 1t 1s also possible to use a different thermally
low-conducting strut structure, for example by choosing
thermally low-conducting materials or an appropriate shap-
ing of the strut structure.

The second strut structure 4 1s widened 1n the region of its
second end 8 to form a ring having lateral openings 9, 10.
The first strut structure 3 1s accessible from outside through
those openings 9, 10. It may be connected to a holding
device 7 which, 1n the illustrated example embodiment of
the present invention, 1s formed from a base 18 and a fork
19, which two members may also be 1n the form of a single
structural member. A sleeve 20 through which the cable 3
extends and 1n which that cable 3 1s secured, in the example
embodiment of the present invention illustrated in FIG. 1, by
a ball 21 provided on the cable, 1s inserted as a rotatable axis
in openings 1n the fork 19. However, 1t 1s also possible to
provide for any other kind of securing, such as screwing,
adhesive bonding, welding or a suitable positive-locking
connection.

Bolts or screws produced from a shape memory alloy are
introduced as shaped components 1, 2 into the sleeve 20. It
the temperature of the bolts or screws falls below a threshold
temperature T, for example T =0° C., they undergo a
conversion from a first state (austenite) into a second state
(martensite), in conjunction with a change 1n shape, in the
example embodiment of the present invention, in conjunc-
tion with a change 1n length. The shaped components 1, 2
expand 1n the longitudinal direction. As a result, covers 11,
12, which may be conical and which may be connected to
the shaped components, are lifted from the openings 9, 10 1n
the second strut structure 4. The holding device 7 1s thus
separated from the second strut structure 4 and the load path
passes only by way of the holding device 7, the sleeve 20,
the first strut structure 3 and the one end 13 of the second
strut structure 4.

If the threshold temperature T, 1s exceeded, the reverse
conversion takes place, so that the shaped components 1, 2
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contract and the covers 11, 12 are therefore pressed onto the
openings 9, 10, as illustrated in FIGS. 2 to 7. The load path
therefore additionally passes by way of the holding device 7,
the sleeve 20, the covers 11, 12 and the other end 8 of the

second strut structure 4 to the atforementioned end 13 of the
second strut structure 4.

As 1llustrated 1n FIGS. 3, 6 and 7, the holding device 7 and
the assembly including the first strut structure 3 and the
second strut structure 4 may be rotated relative to one
another, rotation occurring about the sleeve 20 which 1s

rotatably supported in the fork 19. That permits greater
freedom 1n the arrangement and therefore 1n the application

of the present invention, while still retaining the mechanical
strength.

The present invention may be used wherever the tem-
perature on the side where the holding device 7 1s arranged
differs from the temperature on the side where the end 13 of
the second strut structure 4 1s arranged, which end may be
connected to a further strut, holding device or another
structural member. The present invention may be used, for
example, as a transport and operation holding device for
cooling or heating equipment, cooling tanks, engines, etc.
For example, for a space application, during the hift-off
phase and the landing phase of a spacecraft, high mechanical
strength may be achieved for the storage of cryogenic
equipment which may be released 1n a working phase 1n
space, whereby thermal isolation of the cryogenic equip-
ment from the equipment on the other side of the support
structure according to the invention may be substantially
cifected.

What 1s claimed 1s:

1. A support structure, comprising:

at least one shaped component formed of a shape memory
alloy, the at least one shaped component being config-
ured to increase a strength of the support structure in a
first operating state thereof and to reduce a thermal
conductivity of the support structure 1n a second oper-
ating state thereof;

a first strut structure;

a second strut structure surrounding the first strut
structure, the second strut structure having a higher
mechanical strength than the first strut structure, the
first strut structure being securely connected at least at
one end to the second strut structure; and

a holding device, the first strut structure being connected
to the holding device, the second strut structure being
releasably connected to the holding device by the at
least one shaped component.

2. The support structure according to claim 1, wherein the
second strut structure 1s at least partially in the form of a
hollow strut and the first strut structure is 1n the form of a
strut, a first end of the first strut structure being connected to
a first end of the second strut structure, a second end of the
first strut structure being secured inside the second strut
structure.

3. The support structure according to claim 2, wherein the
second strut structure 1s widened at the first end and includes
openings 1n an outer surface.

4. The support structure according to claim 3, wherein the
holding device 1s connected to the first strut structure
through the openings, the first strut structure being con-
nected to coupling members by the at least one shaped
component, the coupling members engaging the openings
and providing a non-positive-locking connection between
the second strut structure and the holding device.

5. The support structure according to claim 4, wherein the
at least one shaped component i1s configured to longitudi-
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nally expand and cause the coupling member to be lifted
from the second strut structure when a temperature one of
exceeds and falls below a threshold temperature.

6. The support structure according to claim 1, wherein the
first strut structure includes a cable.

7. The support structure according to claim 1, wherein the
at least one shaped component 1s 1n the form of one of a bolt
and a screw connected to the first strut structure.

8. The support structure according to claim 4, wherein the
coupling members are in the form of a lid member.

9. The support structure according to claim 1, wherein the
holding device connected rotatably to the first strut structure,
and wherein the holding device is rotatably connected to the
second strut structure at least in the first operating state.

10. A connecting strut for connecting structural members

having different temperatures, comprising;

a support structure, the support structure including:

at least one shaped component formed of a shape
memory alloy, the at least one shaped component
being configured to increase a strength of the support
structure 1n a first operating state thereof and to
reduce a thermal conductivity of the support struc-
ture 1n a second operating state thereof;

a first strut structure;

a second strut structure surrounding the first strut
structure, the second strut structure having a higher
mechanical strength than the first strut structure, the
first strut structure being securely connected at least
at one end to the second strut structure; and

a holding device, the first strut structure being con-
nected to the holding device, the second strut struc-
ture being releasably connected to the holding device
by the at least one shaped component.

11. The connecting strut according to claim 10, wherein
the second strut structure 1s at least partially in the form of
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a hollow strut and the first strut structure 1s in the form of a
strut, a first end of the first strut structure being connected to
a first end of the second strut structure, a second end of the
first strut structure being secured inside the second strut
structure.

12. The connecting strut according to claim 11, wherein
the second strut structure 1s widened at the first end and
includes openings 1n an outer surface.

13. The connecting strut according to claim 12, wherein
the holding device 1s connected to the first strut structure
through the openings, the first strut structure being con-
nected to coupling members by the at least one shaped
component, the coupling members engaging the openings
and providing a non-positive-locking connection between
the second strut structure and the holding device.

14. The connecting strut according to claim 13, wherein
the at least one shaped component 1s configured to longitu-
dinally expand and cause the coupling member to be lifted
from the second strut structure when a temperature one of
exceeds and falls below a threshold temperature.

15. The connecting strut according to claim 10, wherein
the first strut structure includes a cable.

16. The connecting strut according to claim 10, wherein
the at least one shaped component 1s 1n the form of one of
a bolt and a screw connected to the first strut structure.

17. The connecting strut according to claim 13, wherein
the coupling members are 1n the form of a lid member.

18. The connecting strut according to claim 10, wherein
the holding device connected rotatably to the first strut
structure, and wherein the holding device 1s rotatably con-
nected to the second strut structure at least in the first
operating state.
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